The annual inputs of synthetic and organic (manure) nitrogen (N) to the US Corn Belt are 26 shown in Figure S1 . These estimates are provided by the International Plant Nutrition Institute Figure S2 and the sensitivity of our atmospheric inversions to data filtering is described below
91
in Tables S1-S4 .
93
Further, these high frequency data allow us to re-sample the original time series to "simulate" sampling illustrate that the tall tower data variability (peak-to-peak) and baseline are 98 comparable to that at NOAA-ESRL background sites such as Niwot Ridge, Colorado, USA.
99
Note that the sampling frequency at Niwot Ridge is hourly and is based on gas 100 chromatography analysis. Larger mixing ratios and greater variability are expected at the
101
Minnesota tall tower site because it is located within a strong source region. wavelet filtering has little influence on the mean mixing ratio, but has reduced the overall 109 noise substantially as shown in Figure S2 . Evident in Figure S2 is the highly episodic nature of We performed the SFBIs using the filtered N 2 O mixing ratio data (A3), as described above.
185
The observed minus the background concentration at the tall tower receptor, y, was modeled 186 as,
where, Γ is the scaling factors for the different source types, K is the Jacobian matrix,
189
representing the sensitivity of the observation variables to the specific source types, and ε is (Table S1 ). These results were consistent among 217 all of the years analyzed. shown in Figure 1 ). Table S2 given the different data filtering methods. Our 255 measurement uncertainty is, therefore, more conservative than our previous estimates (5). 1 (as shown in Figure 1 , Turner et al. (7)). Here, we have taken these findings and compared them with the prior estimates simulated 331 using the CLM modeling approach. These results indicate agreement to within about 5%. Figure S6 give examples of the a priori and a posteriori N 2 O emissions. Figure S7 Figure S11 and Table S5 . 
482
Models 7-9 represent the influence of WFPS and air temperature. The thresholds are WFPS <45%; 45%<=WFPS <60%; and
483
60%< WFPS <80%, respectively. df represents the degrees of freedom for the linear regression fit.
485 486
Land surface modeling and Projections
487
The CLM45-BGC-CROP model was modified to simulate direct N 2 O emissions based on In our modified scheme, the N cycle is based on the Century N gas model, which includes where P NO3:CO2 is the ratio of CO 2 production in a given soil layer to the
and f WFPS is a function of the water filled pore space WFPS.
521
Using these updated equations, a range of sensitivity tests were conducted to identify the 522 critical parameters (Table S6 shows the most sensitive model parameters). The sensitivity 523 analyses indicated that GDD min (the lowest GDD for emergence), fertilizer amount and timing, 524 maximum nitrification rate, and emission factor for leaching/runoff were the most 525 critical/sensitive parameters. In comparison, the variation of C:N ratios for biomass and the 526 soil pH showed relatively little impact on nitrous oxide production. We examined the range of (Table S6 and S7) . The correlation calculation and total emissions only limits to March to October, for year 2010-2015.
545
We found that the optimal timing of synthetic nitrogen input to the model study domain was For these optimization simulations we used the National Centers for Environmental 581  582  583  584  585  586  587  588  589  590  591  592  593  594  595  596  597  598  599  600  601  602  603  604  605  606  607 
